J. INTRODUCTION During the past decade, many etforts have been made to investigate the thermocline circulation in the eastern part of the North Atlantic subtropical gyre by analysis of historical data, investigations, and modeling. On the gyre scale, the analysis of climatological data [e.g., Stramma, 1984; ~Mai/ lard, 1984 ~Mai/ lard, , 1986 Olhers et al., 1985] confirms the recirculation patterns in the uppcr ocean and in the main thermocline of the eastern part of thc gyre as depicted in the early density distribution at 200-m dcpth by Wüst [1936] . The gyre's northern dynamic boundary, the Azores Front (AF), with its associated current, the Azores Current (AC) [Käse and Siedler, 1982; Pollard and Pu, 1985; Gould, 1985; Käse et al., 1985; Sy, 1988; Klein and Siedler, 1989] , carries some 10 6 m 3 s -I into the eastern basin south of the Azorcs [Stramma, 1984] . This castward transport turns south in two branches, one west and one east of Madeira, and has an area of weak mean flow southwest of Madeira [Stramma and Siedler, 1988] . While the western branch, according to this analysis, serves directly as a root of the North Equatorial Current (NEC) system, part of the eastern branch feeds the Canary Current (CC) system, whose structure is strongly influenced by the seasonally varying trade winds and the resulting upwelling regimc otf northwest Africa [e.g., Krauss and Wübber, 1982; Haxen (lnd Schemainda, 1989] , before it also contributes to thc North Equatorial Current. This then forms the southern dynamic boundary of the subtropical gyre and transports nearly pure North Atlantic Ccntral Water (NACW) southwestward, west of the Cape Vcrde fslands. A water mass boundary separating North Atlantic Centrat Water from the South Atlantic Centrat Water (SACW) [/lagen, 1989] is found south and southeast of this 1 Institut für Meereskunde an der Unive;sität Kiel, Kiel, Germany.
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0148-0227 /92192JC-O I 095$05.00 dynamic boundary. Both boundaries tagether are described as the Cape V erde Frontal Zone (CVFZ) [Zenk et al., 1991] .
As North Atlantic Centrat Water is carried by the gyre circulation, it interacts with other water masses. The most pronounced of these is the Mediterranean Watcr (MW) tongue, which spreads on nearly isopycnal surfaces into the eastern basin [Fedorov, 1976; Kuksa, 1983; Yemel'yanov and Fedorov, 1985; Käse and Zenk, 1987] . Within the Cape V erde Frontal Zone off the African coast, it meets Antarctic Intermediate Water (AAIW), which is much less saline and slightly less dense. Above the centrat waters lies the third characteristic water mass. lt is marked by the subtropical salinity maximum (S max> at shallow depths, araund JOO to 150 dbar, and formed by cooling of extrcmely high salinity surface water and transported with the gyre circulation [Bauer and Siedler, 1988; Efimov and Boguslavski, 1989] .
This general picture of the eastern subtropical gyre is of course subject to Variations in both time and space. Stramma and Siedler [1988] derived seasonal pulsations of the gyre, with a shift of the Azores Current northward in winter and southward in summer, from the analysis ofmean hydrographic data and directly measured velocitytime series from mooring KIEL 276, west of Madeira (see Figure 1 ). Krauss and Wübber [19821 and Hagen and Schemainda [1989] predicted westward propagating baroclinic Rossby waves as a result of the annually changing trade winds at the eastern coast. Also on the annual scale, part of the North Atlantic Centrat Water is renewed by winter convection west of Madeira [Siedler et al., 1987] , thus contributing to the ventilation of the thermocline [Luyten et al., 1983] .
The eastern basin is filled with synoptic-scale eddies. Although they are much less energetic than their west Atlantic counter parts, they dominate the mean flow everywhere in the eastern basin [Dickson, 1983; Belkin and Kostianoy, 1988; Müller and Siedler, 1992] . Their main energy sources may be found in the meandering and resulting instabilities of the Azores Current [Käse and Siedla, 1982; Siedler et al., 1985] , the Canary Current [Buhnov and Nm'rotskaya, 1985] and the North Equatorial Current within the Cape Verde Frontal Zone [Onken and Klein, 1991] and possibly in the topographic intensification near the Azores and the Mid-Atlantic Ridge [Byshev et al., 1982] .
With modern instrumentation and high spatial resolution, submcsoscale saline Jenses [AtcWilliams, 1985] with radii of 3G-50 km, thicknesses of 1000 m, and lifetimes of up to 2 years have been obscrved within the Mediterrancan Water Ievel as far as 2000 km from their assumed sourcc rArmi and Zenk, 1984; Belkin et al., 1986; Schmitzet al., 1988; Armi et al., 1989] . Despite their small size, their dynamics can infiuence the circulation in thc uppcr thermoclinc and the decp sea [sec Siedler et al., 1985; Zenk and Müller, 1988] .
In this study we prcsent the combined data sets from three Zenk et al. [1989] for a dctailed cruise report, and Miiller and Siedler [1992] for thc analysis of current metcr data). Thc Estonian R!V Arnold Veimer studied the large scale circulation and water rnass distribution in the Canary basin, as weil as the detailed structure and dynamics of mcddics (Mediterranean cddies) in two mesoscale surveys in the AF and CVFZ frontal regions (boxes LI and L2 in Figure  1 ). In box LI, additional stations were obtained by the Ukrainian R/V Akademik Vernad.sky. We have combined the data sets from these cruises and will discuss somc general features of the thcrmocline circulation in thc Canary basin in late wintcr, 1989. Results from thc mcddy surveys in box es LI and L2 will be discusscd clsewhere.
METHODS

1/ydmgraphic Measurements
Neil Brown Mark 111 conductivity-temperature-depth (CTD) systcms with rosettc samplers were used. Standard procedures for in situ calibration and data processing were Figure I a.
applied to these data, resulting in final vertical profilesdown to a common maximum pressure of 2000 dbar with IO·dbar resolution. The data sets compare weil in their correlation of potential tempcrature and salinity within the Eastern North Atlantic Central Water. Sections of hydrographic data were drawn using a horizontal smoothing spline interpolation scheme, usually resulting in rms differences between measured and interpolated values of one tenth of the contour interval. We note that varying the srnoothing parameters had very little effect on the resulting contour plots.
The data set of our study is horizontally irregularly spaced with distances between ncighboring stations reaching from 1 km to 300 km. To avoid oversampling problems and the etfects of nonsynoptic sampling when contouring large-scale maps, all data were averagcd over half-degree latitudelongitude boxes. For mapping, we chose a kriging algorithm which has no smoothing during interpolation. Computational artifacts were suppressed by smoothing the interpolated data ovcr 9 neighboring points with a 39-km grid step.
To calculate the baroclinic part of geostrophic flows and to estimate its absolute value, one has to assume or dcrive some Ievel of no (or known) motion. Stramma [1984] cstimated a horizontally varying Ievel of no motion from a historical data sct that was averaged on 3o x 3o squares. Using the method of Fiadeiroand Veronis [19821. he derived 1200 dbar for a Ievel of no motion near the Azores, 1300 dbar near the mooring site KIEL 276 (33°N, 22°W), and 1400 dbar along l4°N. The available long-term current meter measurements at KIEL 276 (~ years) confinn the estimate near KIEL 276 [Müller and Sied(er, 1992] , and it will be shown later that our comparison of ADCP data with gcostrophic profiles does not contradict Stramma's 1400-dbar estimate at I4°N.
We thercfore adopted a Ievel of no rnotion as a function of latitude cf> and longitude A. in the form P 0 (dbar) = 1200 + 0.69(</>-32.9) 2 + 700
Here, the parabolic isafit to Stramma's [1984] finding, and the Gaussian term is added to rorce the refcrence Ievel below the Mediterrancan Water core in the northeastern part ofthe area of investigation (see Figure lh) . 
ADCP Measurements
Continuous currents rneasurements were made from FS Meteor using a four-bcam acoustic Doppler current profiler (ADCP) by RD Jnslruments. It operates at a frequency of 150 kHz and is mounted on the ship's hull. The ADCP provided current profiles relative to the ship every 2-5 min in 8-to 16-m bin lengths. Theseare rotated into geographical coordinates using the heading from the ship's gyrocompass, which is corrected with simultaneously recorded roll and pitch data, and averaged during a given sampling interval.
Recent studies by Joyce [1989] and Po/lard and Read [1989] show that during ADCP in situ calibration, it is absolutely essential to estimate the transducer misalignment angle a and the scaling factor A. Du ring the survey, a and A were determined by several series of right angle turns (zigzag runs), and all acoustically measured current proflies were corrected with this in situ calibration.
The resulting profiles were integratcd over the time interval between two successivc fixes of the ship's position available from the satcllite navigation systems. either Global Positioning System (GPS) or TRANSIT, the time interval being typically 1 hour. A worst case assumption then gives random crrors of absolute currents cstimates along the ship track of 0.05 to 0.1 m s -I depending on the navigation system. Compared with this error, the inaccuracy due to the statistical error in Doppler frequency measurements is rather small and for an 1-hour averaging interval is less than 0.005 m s-1 •
WATER MASS DISTRIBUTION, GEOSTROPHY, AND ASSOCIATED CURRENT AND FRONTAL StRUCTURES
To identify water masses and associatcd depth ranges, as weil as major frontal regions, we start with a discussion of selected vertical sections. A description of the horizontal distribution of propcrties and ftow in identified typical common depth ranges of water masses follows.
Vertical Sections
We choose three lypical CTD ( Beneath it the main thermocline with Western North Atlantic Central Water (WNACW in Figure 7 a [Emery and Meincke, 1986] and Eastern North Atlantic Central Water (ENACW) reaches down to 600 to 700 dbar. In this depth range, we recognize a rcmarkable difference between AB and BC. The Azores Front [Käse and Siedler, 1982] , just south of the turning point B near 35°N, 21 °W, rules the picture. It is representcd by an increase of isoline depth (15'C or 36 PSU) of 150 dbar over lcss than 140 km distance.
The lower thermocline (>600 dbar) of section ABC is characterized by two intermediate water masses (see also Figure 7 ), low-salinity (S < 35.2) Antarctic Intermediate Water, at roughly 1000 dbar in the south and the warm, high-salinity Mediterranean Water (S > 36.2), and a temperature inversion in the main core [Zenk and Armi, 1990] at about 1200 dbar in the north and the east. Both arcas are separated by a region of isolated patches with local salinity maxima. From previous investigations we know this area to be often populated with anticyclonic vortices or meddies [Armi and Zenk, 1984; Belkin et al., 1986] .
Several salinity fronts are evident in section ABC. The vertical orientation of selected isohalines below 600 m indicates two strong internal fronts which both have expression in the Canary basin, interpreted by Käse et al. [1986] as Labrador Sea Water (LSW).
The distribution of gcostrophic currents in Figure 2c is referenced to thc variable Ievel of no motion given by equation (I). The strongest geostrophic signal is given by the Azores Current (> 12 cm s -I, kilomcter 1400), with adjoining weaker countercurrents. The Azores Current transports about 12 X I 0 6 m 3 s -I to the southeast. Thc two countercurrents just north and south of it rcduce the total transport to about 7 x 10 6 m 3 s-1 • To demoostrate a more dctailed surface thermohaline and subsurface velocity structure of the Azores Current north and west of Madeira, we combinc all available underway measurements collected from January 9 to 18, 1989, in Figurcs 3 and 4. Along section MN north of Madeira, the surface temperature and salinity document clearly the position of the Azorcs Fronton January 9, 1989, near kilometer 100 of the section (Figures 3a and 3b ). This position of the front is also confirmed by the ADCP observations ( Figure  3c ) with dominant southeastward ftow bctwecn Madeira and 34o20'N (kilometer 200 in Figure 3c ) and northcastward fiow in the northern part of this section.
West and south of Madeira a long XBT section connects positions X33, X43, X80, and XIII ( Figure Ia) . The simultaneously recorded thermosalinograph data are displayed tagether with the XBT mcasurernents in Figures 4a to 4c . From south to north, both surface temperature and salinity decrease, from 22oC to 18SC and from 37.3 to 36.6, respectively (Figures 4a and 4b) . These continuous surface records show that the decrease is stepwise with typical scales of 0(200 km), relatively homogeneaus regimes alternating with strong fronts, and that they are persistent with depth, as is shown in Figure 4c by the high!y resolved subsurface thermal structure. The gyre-scale circulation shows by the large-scale trough formed by the isotherms. Thc mixed layer depth marked by the large vertical temperature gradient in Figure 4c lies at I 00 m. Below this dcpth the frontal zones are even more obvious than close to the surface. Temperature increases sharply between kilometers 900 and 1100 and between kilometers 1150 and 1300. These two zones are marked as AC 1 and AC 2 in Figure 4c , and they flank a narrow 50 km widc region of ascending isotherms. The temperature increase of more than 1 K in zones AC 1 and AC 2 is correlated in both cases with a band of streng currents measured acoustically (Figure 4d ). We interpret these as the two branches of the Azores Current which were described recently from a historical data set by Stramma and Siedler [1988] and Klein and Siedler [1989] . Thc good agreement between our quasi-synoptic observations and their historical data, which are averaged over long periods of time and !arge areas, is unexpccted but nevertheless an independent hint of the branching of the Azores Current in the Canary basin west of Madeira.
The CTD section GF ( Figure 5 ) extcnds from the inner subtropical gyre towards its southeastern edge, cutting the Canary Current and the Cape Verde Frontal Zone. The upper water column shows a clear tilt of isotherms and isohalines separating North and South Atlantic Centrat Water (see also Figure 7a ). Following a suggestion by Barton [1987] , one may define the location of the CVFZ as where the 36.0 isohaline crosses the 150-dbar pressure Ievel. Betwcen 50 and 100 dbar and on both sides of the front, lies a pronounced salinity maximum layer intcrpreted by Bauer and Siedler [1988] as Subtropical Salinity Maximum Water (Smax in Figure 7a ). It is formed by the combined excess of evaporation and winter cooling.
From the Cape V erde Frontal Zone toward the northwest (to the left in Figure 5 ), we find two water masses at middepth. The Antarctic Intermediate Water at the 1000-dbar Ievel (S < 35 .00) overrides Mediterranean Water (S > 35.10) at about 1350 dbar, contrary to the situation farther north where both meet at the same Ievel in a stronger frontal zone (compare Figure 2b) .
The geostrophic velocity field along GF ( Figure 5c ) shows intense signals near the surface, whereas below 200 m, currents are generally weak (-0.02-{).03 m s-1 ). Only at position F do we find a deep westward ftowingjet with 0.1 m s-1 surfacc velocity and 0.05 m s-1 at 600 m depth. The mean distance bctween two successive ADCP absolute current profiles is roughly 30 km along all sections in the following discussion. Therefore these currents are interpolated on a grid with 30-km horizontal spacing along the transects. To compare these directly measured velocities with the gcostrophic current section, it is convenient to present the ADCP component perpendicular to the section (Figure 5d ). It should be noted that the ADCP measurements cover mainly the mixed layer, where strong ageostrophic effects due to meteorological forcing mask the purely geostrophic signal. Nevertheless, there are remarkable similarities betwecn the ADCP and the geostrophic sections. The strong geostrophic jet at position F, associated with the thermohaline signal ofthe front, is contirmed by the acoustic measurements, as are the other features toward position G (kilometer 0), shown in Figures Sc and 5d . Note that the ADCP measures clearly highcr speeds than the geostrophic calculation yields. except near F. As will be shown later in the horizontal maps for the upper 200 m The hydrography between the Mid-Atlantic Ridge at 44•w and the African shelf i illustrated in section ED (Figure 6 ), at roughly 85-km horizontal spacing. In addition to CTD Stations and acoustically measured currents we also make use of ilicate measurements a nd a well-defined potential temperature silicate relation (see Figure 7b ) with relatively high silicate values in waters of South Atlantic compared with North Atlantic origin. The mixed layer, with temperature higher than 24•c a nd salinity around 36, shallows toward the east and becomes cooler and fresher. This indicates advection of surface water, which probably originated in the South Atla ntic. Below the mixed layer at about I 00-m depth, a tongue of high-alinity water (S max) reaches from the Mid-Atlantic Ridge (S > 37) clo e to the African coast (S > 36).
In the upper waters below the shallow salinity maxi mum, the doming of isotherms (e.g., 12•q and isohalines (35.5) reaches a maximum near the eastem edge of ED, separating the westem roots of the North Equatorial Current from the eastern " shadow zone," which reache across to the Cape V erde archipelago. North Atlantic Central Water dominate~ along the whole section. Mesoscale thermohaline structures coupled with anomalies in the silicate distribution ( Figure  6e ) are observed only from kilometer 2200 on between the Cape Verde archipelago and the African shelf, including intrusions of South Atlantic Central Water into regimes otherwise dominated by North Atlantic Central Water. As will be seen below, the e intrusions are related to strong northward current features.
In the lower part of Figures 6b and 6e we again identif} thc low-salinity, silicate-rich Antarctic Intermediate Water with it core at 850 dbar. Its salinity increases and it ilicate decreases to the east, which can be caused by mixing with underlying saltier, lower-silicate waters [Wüst, 1936) (34.98 < S < 35.00) are clearly below those of ection GF farther north (see Figure Sb) .
To compute the geostrophic flow perpendicular to section ED (Figure 6c) , the Ievel of no motion is determined by relation ( I) to be approximately 1400 m. Near-surface jets dominate the velocity field to a depth of 100 m. Deeperreaching signals are found in four cases only. In the first case , between kilometers 1600 and 1900, west of the Cape Verde archipelago, is a deep (1100 m) reaching outhward current which is fresher, colder, and richer in silicate than its surroundings. Between kilometer 1900 and 2200 at the Iongilude of the Cape V erde lslands the same water mass, i.e. South Atlantic Central Water, is carried by an equally deep current to the north. Third, between the islands (kilometer 2500) and the African shelf (kilometer 2700), lies a strong northward flow , extending to just 400-m depth. Here also South Atlantic Central Water is transpo rted to the north. Finally, between kilometers 2700 and 2800, next to the coast, there i a outhward boundary current with a speed of 0.1 m s -1 at the surface a nd 0 .02 m -I a t a depth of 200 m. For comparison within the upper 200 m, Figure 6d hows the acoustically measured north-south velocity component across the east-west ection ED. The e data are likewise interpolated on a grid with 3(}..km pacing. Because of the noi sier nature of the acoustic data , they are slightly smoothed for the purpo e of graphical representation; however, the large-scale tructure is pre erved. There are only a few similarit ies between the directly observed and the geostrophic flow field , e.g., the region around the Cape Verde archipelago. This poor correlatio n is not very surprising for two reasons. Fir t, the esti mated errors due to inaccurate ship po itioning are often as !arge as the ob erved velocity. Second , the ADCP ignal includes ageostrophic current components. Between the archipelago and the continent, the ADCP measures a northward flow which subsides quickly toward the coast. The observed southward geo trophic boundary current is missed by the ADCP Observations, which i a result of the aforementioned smoothing procedure . But thi s current is conspicuous in the horizontal map of the acoustically measured velocity field which uses interpolated but unsmoothed vector (Figure 8d) .
To check the validity of Stramma's [ 1984] 1400-dbar Ievel of no motion in the south, we use the ADCP data and geostrophic proflies along section ED. Between the CTD casts, -85 km apart , numerous ADC P current profiles with a mean spacing of 30 km are available (see Figure 8d) . First, the cross component relative to the ship track (here, the north-south component, v) of the absolute ADCP curre nts is averaged between neighboring CTD Stations. Next, ADCP currents and the geostrophic velocity relative to 1400 m are vertically averaged between 160 m and 220 m. We choose 160 m as a minimum depth to keep clear of ageostrophic etfect near the surface. The lower Iimit is prescribed by the depth range of the ADCP. The calculated ditfe re nces between directl y measured curre nts and geostrophic velocities relati ve to 1400 m were used to apply a barotropic correction to each geostrophic current profile [Smith and Morrison, 1989] , where ADC P data are ba ed on good navigation data a nd where no significant horizontal gaps before interpolation on the 30-km grid occur. In ome cases, the e correction are so large that no Ievel of no motion could be found , especially between the Cape Verde Islands and the continent. But there remain also some examples of acou tically determined Ievels of no motion. Theseare marked by do ts in the silicate section ( Figure 6e ) and atleast do not contradict eilher the cla sical water mass criterion of defining the zero velocity Ievel or S tram ma's [1984] 1400-dbar Ievel of no motion at 14.5°N .
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Large-Scale Property Distributions
From the discussion of sectio ns it a ppear convenie nt to di cuss the large-cale property distributions layer by layer, beginning a t the surface. 12,503 erty distribution in the upper ocean of the southeastern corner of the subtropicaJ gyre. The edge of the ubtropical gyre is recognized by the arch-haped isohalines (e.g., 37.0 in Figure 8b) . The center values of > 37.2 are due to high evaporation rates under the northeast trades. The picture is more complicated farther east, where cold, low-salinity water is upwelled off Cape Blanc. The saJinity of the southern edge of the gyre is governed by the high precipita- This orientation of isoline reflects the advection of cold water from high latitudes, which is enforced by local upwelling off Mauretania.
To present the ubtropical gyre recirculation near the surface, the geo trophic Iransport stream function was calculated for the depth range 20-200 m ( Figure Be) using the approximation described in the appendix. The northern corner of our survey region begins just ea t of the bifurcation of the Azores Current documented by Stramma and Siedler [l9BB] . Between 33°N and 35°N , a nearly zonal flow Iransports 2.5 Sv from west to east. Near 33°N a second, distinct current with a Iransport of I Sv enters the region from the north and leaves the area to the southwest. Both currents can be traced to the two ea Iernmost bands formed by the branching of Azores Current, which Iead to the Canary Current south of 27°N. Along the northwe t boundary of the survey, each isoline of the volume Iransport joins in the recirculation of the subtropical gyre. South of the Canary Current region, the North Equatorial Current, with a total transport of roughly 4 Sv, is formed by a confluence at IB 0 N , 23°W , of the Canary Current and an off hore current with a Iransport of 1.5 Sv. The sources of this offshore current are probably the easternmost band of the Azores Current flowing southward near the coast of west Africa, and a current entering the region from the south between the Cape Verde archipelago and the continent. The North Equatorial Current completes the circulation to the west.
As an independent mea urement, the vector representation of the ADCP currents from the Meteor cruise ( Figure  Bd) shows several noteworthy agreements and ome disagreements with the circulation pattern illustrated by the Iransport stream function ( Figure Be) . In the northern part of the surveyed area, no Meteor CTD casts exist. Hence differences there may be explained by ynoptic errors (see Table 1 ). Furthermore, the stream function is the result ofan objective analysis which smoothes out structures on scales smaller than the correlation scale, and it is nondivergent, whereas the ADCP Observations are linearly interpolated along the track and measure both the geostrophic (divergence-free) and the ageostrophic parts of the current.
In the foUowing we draw special attention to two examples of the partial agreement of ADCP measurements with the Iransport stream function. North of Madeira (34°N) our ADCP measurements ( Figure Bd) yield a predominantly northeastward flow, except close to Madeira where the current vectors turn to the south. West of Madeira, between 30°N and 33°N, the northern branch, AC I, of the already bifurcated Azores Current pos ibly is the source. Note that recently Klein and Siedler [ 19B9] suggested that there is a Link between the northernmost of the two bands and the southward flow close to Madeira, which continue along the west African coast and ends in the Canary Current.
Another distinct current flowing into the urvey region is exposed by the ADCP between the Cape V erde Islands and the African coast. The acoustic mea urements confirm the pattem of the Iransport stream function around the Cape V erde archipelago. Partofthis tlow branchesoff north of the island and intensifies the we tward transport. This flow has recently been modeled by Spal / [1990] . Hi analysis al o shows a current entering the region at I5°N between 30°W
and Africa (North Equatorial Current in his notation) and merging with the recirculation of the subtropical gyre.
The distribution of i opycnal potential vorticity on the potential den ity surface CTe = 26.2 kg m -3 is shown in Figure Be . The layer crops out north of 24°N, and its depth increases to the southeast. Along the southern boundary of our survey, this isopycnal surface a cends from a depth of 150m in the southwest corner to about 70 m in the southeast corner of the map. Ouring this cruise this den ity surface was expo ed to active, deep winter convection. Stammer and Woods [ 19B7] give us an impression of the maximum mea n depth of the winter mixed layer based on atlas data by Robinson et a/. [1979] . North of24°N the winter convection occurs to a depth of about 150m. The general orientation of the IPV i oline is northeast-southwest, with increa ing potential vorticity to the southeast. Assuming the tlow on a surface of constant CTe to be geostrophic and the potential vorticity on the same surface to be conservative, their respective contours should coincide. We find thi confirmed by comparing the Iransport tream function for the depth range 20-200 m with the potential vorticity distribution on CTa = 26.2 kg m -3 . The transport treamlines west of 25°W are similar to the IPV contours. Toward the center of the subtropical gyre on the northwest edge of the survey area, a minimum occurs with a value of 30 X 10 -II m -I s -I, which agrees with the results of McDowell et al. [ 19B2] . They find thi minimum north of the high saline Subtropical Underwater which we call Subtropical Salinity Maximum Water. Bauer and Siedler [ l9BB] have found this water mass between 21° and 27°N in a section along 33°W. Our finding of the minimum near 21°N confirms theirs. In contrast, there is a potential vorticity maximum (> 120 x 10 -ll m -1 s-1 ) between the Cape Verde Islands and the African shelf, also documented by McDowell et al. Figure 9a illustrate the horizontal distribution of isopycnal vorticity on the density urface CTe = 26.6 kg m -3 at the southeastern boundary of the subtropical gyre. This surface lies in a depth range between 150 and 250m which is largely occupied by Eastern North Atlantic Centrat Water ( Figure  7a) . Somewhat similar to the isopycnic potential vorticity on CTa = 26.2 kg m -3 ( Figure Be) , the vorticity at the CTe = 26.6 kg m -3 Ievel is characterized by an increase south of 20°N, which is due primarily to the decreasing stratification toward the equator. Below the main thermocline on a deeper density surface CTa = 26.B kg m -3 (Figure 9b ), the meridional vorticity gradient i of opposite sign. This decrease in vorticity south of 22°N is explained by equatorward loss of planetary vorticity, which becomes dominant. The rever al of the meridional gradient of vort icity with depth yields the necessary condition for baroclinic instability at the southeastern flank of the subtropical gyre. McDowell et a/. [19B2] also found a strong reversal of the vorticity gradient below the North Equatorial Current in the density range CT 8 = 26.3-26.7 kg m-3 , and Onken and Klein [1991] explained ob erved current variability in that area partially by modeled baroclinic instability .
From Käse et al. [19B6] . we adopt the choice of 560 m as a representative Ievel for the central water distribution . Owing to the broader range of integration, the aforementioned anticyclonic eddy centered at 25.5°W and 26°N now appears more clearly than in the layer above. This anticyclone is also verified by its surface signal in the ADCP currents in Figure 8d . A uming that water mas es pread along i opycnal surfaces on !arge scales, two den ity Ievels are selected to discus the distribution of Antarctic Intermediate Waterand Mediterranean Water. Figure II a di plays a map of the alinity distribution at er 1 = 3 1.9 kg m -3 which, according to the 0S diagram (Figure 7a) , is a repre entative layer for the Antarctic Intermediate Water. The zonal alignment and generat northward trend of increasing sali nity ha already been seen in the thermocline (Figure I Ob) . As Zenk et al. [1991] have shown, the Cape Verde Frontal Zone not only separates the two characteristic centrat water mas es but al o marks a second " front" beneath the thermocline.
The Opponent of Antarctic Intermediate Water is the Mediterranean Water with slightl y higher density, er 1 = 32.10 kg m -3 , penetrating from the northeast. The map in Figure I I b shows the salinity decrease of the Mediterranean Water tongue to the south consistent with advection. North of the Canary Islands (-28°N), isohalines are more zonally oriented. Further south they turn clockwise, lying orthogonal to the near-surface saJinity di tribution seen in Figure  8b . At the outhern margin of Figure [Zenk et al., 1991j .
The meandering Azores current is more weakly developed between 700 and 1200 m than between 200 and 700 m, but the shape of the meander in both layers i nearly congruent. In the south, the Iack of di tinct orientation of the stream function in thc upper thermocline (200-700 m; Figure I Oe) is replaced by a clear alignment of castward flow in the lower layer (700-1200 m). Taking the horizontal distribution of salinity on the isopycnal er 1 = 31.9 kg m -3 into consideration, this circulation pattern suggests that Antarctic Intermediate Water enters this region from the west between I5°N and 20°N with an castward tran port of 2 Sv at 35°W.
DtscusstoN AND CoNc Lusto s
In order to examine the thermocline circulation a nd water mas es in the Canary basin, extensive measu rements were carried out using CfDs, XBTs and a shipborne ADCP. Our tream function analysi assumes geostrophic balance, which Ieads to an underestimate of total transports, e pecially for the North Equatorial Current regime. Maillard and Käse [1989J have investigated the near-surface flow in the subtropicaJ gyre mainly with surface drifter data. They point out that the North Equatorial Current is largely ageostrophic owing to thc direct influence of the trade winds, while the Azores Current is nearly geo trophically balanced . Errors in the acoustic current measurement due to inaccurate ship position prevented us from an alternative Iransport calculation u ing the ADCP. Synthesizing all available data of our urvey, we construct a three-Jayer cenario (Figure 12 ). In the upper layer between the sea urface and 200-m depth , a nearly complete . Both branches of the Azore Current (AC) result from its bifurcation west of Madeira. While AC2 tums directly to the west to complete the gyre circulation, AC 1 ftows to the east , splitting once more north of Madeira inlo a northward and a southward current. The southward branch circulates anticyclonically around Madeira and feed s the Canary Current (CC). Clo e to the Cape Verde lslands the orth Equatorial Current ( EC) rises mainly from the conftuence of the CC and a current enteri ng from the south and carrying South Allantic Centrat Water (SACW) around the Cape Verde lslands. SACW, separated from North Atlantic Central Water (NACW) by the Cape Verde Frontal Zone (CVFZ), is advected by the upwelling undercurrent northward across the equator and can be found throughout the year along the coast off Dakar [Hagen and Schemainda, 1989) . The mean fl ow is disturbed by the eddy field. (b) Middle layer (200-700 m). The deep penetrating AC is evident at the northem edge, wherea an eddy field dominates in the south . (c) Lower layer (700-1200 m). The ignature of the AC fades out and an isolated meddy is found far away from its origin , Mediterranean Water (MW). In the south, an eastward ftow Iransports Antarctic Intermediate Water (AAIW) into the region west of Cape V erde.
picture of the classical recirculation of the ubtropical gyre in the no rtheast Atlantic is drawn. South of the Azores the Azores Current enters the Canary basin . lt feeds the Canary Current, which represents a root of the North Equatorial Current . On the basis of the Iransport streamfunction and ADCP measu rement we conclude that during our quasisynoptic surveys we cros ed both branches of the Azores Current shortly after its bifurcation west of Madeira. The we lern band (AC 2 ) clo es the inner gyre circulatioo. The eastern branch (AC 1 ) contributes to the near-shelf circulation. North of Madeira, AC 1 branches southward and northward. The northward branch of AC 1 has already been de cribed by Käse et al. [ 1986] . They suspect tha t a part of thi current retums to the south via the Portugal Current.
South of 20°N , all branches originating from the Azore Current and the current entering the region from the outh between Cape Verde a nd Africa, converge a nd form the North Equatorial Current. Roughly 4 Sv is recirculated between 14.SON and 22°N at 30°W; the contribution of the current from the south to the connuence amounts to approximately I Sv, estimated along 14.SON between the Cape V erde lslands and the helf otf Dakar, Senegal.
South Atlantic Central Water wa ob erved north of 14.SON. lt appears that this water mass penetrates into the urvey area through the passage between the Cape Verde Island and the African continent. The northward advection of South Atlantic Centrat Water occurs in narrow intrusion governed by strong currents. These jet form a cyclontc circulation around the Cape Ve rdes documented by the tream function (Figure 8c) and supported by the acoustically measured currents (Figure 8d) .
The Azores Current i the only deep-reaching current in the layer between 200 a nd 700 m. It has a transport of 7 Sv and enters the study region from the west. At this depth , as opposed to the upper 200 m, the Canary Current a nd the North Equatorial Current are absent. Instead, the southern part of the regio n i populated by mesoscale eddies. These feature are con i tent with the distribution of potential vorticity and the theory of baroclinic instability.
In the lower layer, 700-1200 m, the Azores Current fade out. A few isolated meddies a re found in the center of the region. At 35°N an castward current carrie 2 Sv of Antarctic Interme diate water into the region west of the Cape V erde Isla nd . From the geo trophic and hydrostatic equations, one derives the geostrophic northward and castward velocity components: v = _ ~ (P, as dp J ) p ax 1 (P, as II = f J p iJy dp. 1/1 = -c/> dp P, Cv = (P,-P)(P2-P1 ) - We now define ~(y), the condition that the zonal integral over the second a nd third terms in Q 11 s hall vani h, i.e .,
Solving (A 7) in 3° latitude tripes for ~ and applying ~ y) to (A6) results in ~/f, a good approximation of the Iransport stream function. The errors due to variable f are zero when zonally integrated, and those due to a variable pressure reference are relatively small in tran port (les tha n I cm -I in velocity) in the rcgion under consideration.
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